


Ps. O Box 106802
Ralei'gh, Yo Ce

Cotober 23, 1988

: 30t icar-in-Charge
. Publis Works Dopartoment
+Cawp Lejouns, Y. C.

Dear oirs

This preliminary report is submiitied in acsordance with provisions
of Contrmest XBy-7596, dated Septembar 11, 1358,

The report summarizes the goology and the ground-watsr conditions
2% the Marine Cerps Rase, Camp Lejsune, North Carclina, and
designatos the mmber, looation, and depth of tsst holes that ars
to precede now producticn wells. Cata raculred from tha well
centractor end speoifications for drilling of tast walls ars
included,

Although loceaticns for the test wells and for tha "follew-up”
production walls are pin-pointed on the attached mape, goolegic ,
cenditisma do not dictats such precision iu lecatlon. For example,
the four propesed tasst holez to be drilled to salt water may de
moved 1,500 feet in any direction without lesing any wlus., Tts
other test holes may alse he moved limited distances at ths
digerstion of the Iff4par-in-Chargs.

Sinceraly yours,

Harry E. Letrand
Consulting Geclogist
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IRTRCDUCTION

This is a preliminary report pertaining to grouni-water conditions
at the lnrine Corps Base, Camp Lsjeuns, North Carolina. Its main purpose
is to serve as a basis for the drilling of about twenty-two test holes
that are to precede the drilling of future permanent wells in various
areas at the Base.

This report outlines the problems invelved in obtaining an adaquate
quantity of good qualily walter from wells and suggests locstions for
tsst holes 3t places whers new permanent wells might be drilled.
Suggestions are made sonserning specifications for the test drilling.

Pollowing the sompletion of the test drilling prograx, s coupre—~
heunsive final report iz to de preparsd. The final rcportwilicﬁlutk-
all data, inoluding thab cbtained from test drilling, and reccmmendstions

will then be made as 1o the permsnent, raw-water supply.
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GEOLOGY AND ¥ATURAL.GR

A1l of Onslow County 1 underlain by sediments that wers deposited
in or near the ocean. These sediments are composed of saunds, slays,
merls, and layers of consclidated rocks, such as limestone and sand-
stone. There is a tendency toward laysring, and most of the bods are
nearly flat but slope gently towsrd the coszst., These sediments are xzors
than 1,800 fest thick and lie on & floor of hard dense rock such as
granits. Only the uppermost few hundred feet of the sediments are
Important te this discussion, in visw of the fact that the deeper sedi-
ments are saturated with salty water. The dlock diagram emn ths following
page shows the general nature of the goeclogy at the Base. The sedinents
«t the surfice are chisfly sands that extend to a depth of 10 to 50 feet.
The lower part of the “surfase-sand unit,™ locally containing some slay,
overlies sediments of Tertiary age. These Tertiary sediments may be
censlidered as u unit and are composed of loose shells, sands, marls, and
consolidated shell beds. It ineludes chiefly the Castle Elyno formation,
but the uppermost part is the Yorktown formation. Togsther, they will
hereinafter be referrsd to as the "limestone unit.” Iocally, the Yorktown
oonhim b}.ue olay, but the extsut of the blne~clay zone in (nslow County
has not yet been determined. Down stream from Jacksonville the channel
of New River cuts into the Yorktown formation, Below the Castle Hayne
(at a depth of more than 250 feet) is the Peedos formation, composed of
dt.x'k sands and alays and thin limestone beds.

All sediments below the water table ars completely M‘d with
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wxter. The water table liss within 10 to 20 feet of the land surface
in most places amd iz in the surface sand. Beds of glay, and perhaps
marl, teud to separste the more permeable sand and shellrock beds so that

saveral artesian horizonz, or zomes, eccur in the limsatone unit, Hone

of the artesian beds are perfect, and there 13 conaiderable leakage of

water between them whers a significant hydraulis zradient axists. —.
This situation arises from the fast that the clayey confining beds are
ot completely impermeable and from the faet that some beds are not
perzistent butl are somewhat lentisular,

Only in the upper part of the limestons unit iz thers a significant
movenent of artesian watsr under natural conditions. Sinse the limestons
unit lies iz the chamnel of the river and since the artesian levels ars
slightly higher than the Imi of the river, there is leakage of water
from the limestone indo the river. A very large part of the precipita-
tion infiltrates into the mrrm sand to become underground water,

After infiltrating dowmard to the water table, this water moves laterally
toward the nearest surface stream.
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ALTHDRAWAL OF WATER FROM WELLS

¥ith regard to withdrawal of watier fras wells ai tho'_ Base, two
aspects of the metter noed consideration., Cne aoncerns the ability of
individual wells to yield water, and the other eoncerna the abllity of
*;:.ho aguifar to yisld an accepiable and adequate supply of water
psrennially,

Most of the wells rengs in yield from 2 to 10 gallons a minube for
esch foob of drawdown., This compares unfavorably with yields in other
parts of the Tertiary linestons unii extending from the Albemarle Sound
through Florida, whers the average 1s grsater than 20 gallons a mimte
per foot of drawdoun., The limestone unil, in general, is characteristi-
eally a shsllrock which is made permeable by the removal in solution of
the sbundant shell material. At the Sase the shellrock to & dspth of
about 100 feet is rather thin and perhaps contains sand in its open pere
spaces. At any rate, ths pumping of sand {rom the fow open—end wells
hes lad to the installation of sareenad wells to prevani the inflow of
sand, The pormeability of the sand beds 1s much less than that of the
shallrock beds. Another reascan for the low-ylelding wells is that =t
a depth of 80 to 100 feet, which 1s about the zverage depth ;af the
batiom soreen, the aguifer is only partially peastrated. By utilizing
all permeable beds to a depth of 230 feet, much greater yislds oceuld
be reallized. This fact, however, must be Pampered with.tho poesibility
that water unsuitable to prcsent_trggmt facilitiea would be withdrawn,

The safe yield of the aguifor may be considersd as thw of

water that oan be pumped perermially withoub brtnﬁzﬁ bnd.bwé.zéod:oﬁ




inferior quality. EBefars the first walls were drilled the hydraulis
minth- aquifer was in balance; the nstural discharge intc Jew
River and perhsaps other plsoes was equal to the rechargs, am!ﬁothtbo
water table and artesisn levels wore more or less fixed in position.
When the first wells wers drilled this equilibriua was disturbed as
water was drawn from stcrage in the artesian system. Fatar lovels have
declined ax mors wells were pumped. A suffisient awount of wuter has
been drawn from storage to depress the artesian levels over a lsrge ares,
The water levels will stabilisze only when the nstural discharge is
reduced snd the rechargs is increased by sa smount equal to the axmount
discharged by the wells. “

We have refarred to the limestone unit as sn artesian system, and
its early response to pumping wells bears this out, Howevsr, thare is
no perfect seal ormnthingwabw-thcaqnifn, and, as & resuli,
water from the surface sand moves into the agquifer even through clay
beds that ccour locally. It is fortunate that this condition prevails
in the Hadnot Polint area; otharwise, the artasian lsvels wonld have
lowersd much mors than they now have, and very likely salty water from
the river would have spoiled the aquifer im this srea. ‘

With the available data it is Imposaible to determine aeccurciely

the recharge to the aquifer, However, soms rough estimates can be madse.

The inflliration capacity of the surface sand is grsat. Perhaps detwsen

3G and 40 inches of rain a ysar roaches the watar tabls in the saturated

sand. If the materials extending from the surface sand down to the

aquifer are somewhat permeabls, a great part of ‘bhil ntopkgvmvo
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dowzward inte the limestone undt in the visinity of pumped wellx becsuse
the artesian hsad is ocongidersbly less than that of the watar table in
thess places. Under pressnt scnditions the dowmward movemsnt ints the
limestons is so slow that mich of the water in the surficial sand is
shurted lsterally to & surface stresa and thus is not available for
rechargs. The amunt of recharge resulting from dowmward leakasge ocut of
the surface sand is perhaps slightly more than one million gallons a
day per squars mils in the vicinity of each of the well fislds exvept
at the Rifle Ranges where il may be lsss. In additiom to recharge by

_ downward lesksge, there 1s alsc rechargs by upward leakage from beds

that underlis the level of the lowest well scresens. In areas whsre
water is not pumped, the artesian pressure tends to increase with depth.
Thearefore, therse is natural upward leakage ﬂmlthrough olay beds. vhen
the head is lowered in the aquifer penstrated, the upward lsakage is
groatly inersased. The combined effects of upward and downward lsakage
into the aquifer has caused the water lsvels in the aquifaer to approach
a stabilized gondition with lesz drswdown than would be the case in a

perfect artesian system. Prscautionary measures of limiting the drsw-

down and dispersing the wells have been taken to prevent overpumping.

The heavy puxpling in the Hadnot Polint area is resulting in a gradual
dealine of the water lsvel in the vicinity of some wells in this sres.
Data o be vollected baefore the final report is prepared may indicate
the position st which the water level will stabllixe in the Hadnot Point

000000000g




e

CHEMICAL CHARACTER OF WATER

~ The chemiocxl charactsr of undarg-mnd water varies comsiderably
with respect to depth and geologio formation, Originally all the beds
contained ses watsr, but in the relatively recsat geologiae past the
fresh-water hsed haz been great enough to push the zalty water coastward
and sesward to soms sxtent. Salty water has besn complateldy fizahed
from the uppermost beds, but beds desper than about 400 foet have besn
only partly flushed of their original salty weter. The beedis from which
salty water has been flushed now yisld water that reflacts the chemical
character of the rock materials in which it occurs.

Wstar in the surface sand is soft and centains less than 30 parts
per million eof dissolved zclids, It centains some free caxben dicxide,
resulting in a pH value warying between 5.0 and 7.0.

Water in the limestone unit is hard, oszleium-bicarbonalts wter,
typisal of that in the Tertiary limestone unit extending fyom the
Carolinas into Florids. Exasept where there is some indication of
salt water comtamination, the water in the limestaone unit commonly ranges
in hardness from sbout 100 to 250 parts per million. Both 4ron and
hydrogen sulfide ceccur in objescticnable quaxrtiti‘nnl &t certain places
and certain depths. These fastures are diascussed appropriately under
the discuasicn of esch am of the Base.

Very little is known sbout the mater in the Peedss foxmation, the
top of which lies af a depth of 250 or perhaps 350 feet below the zround.,
This formation containg fresh water at Hichlands; it is a moft, sodium
bicarbonats water, having been softened through cation czmngy

000000000g




natarsl movement through the glauconite (natural zeclite) sandas of the
Paocdee. At the Bass, it i3 likely that the oxtion exchangs process 1is
cemplate in the Peedse and that thers is no significant caleium biocar-
bonate hardusas. However, it i3 also likely that the water iz salty

and unsuitable for use, The proposod deep test holes should reveal the

chexieal character of mater from this formation.

Nt
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SAILT-WATER CONTAMIFATION

There the anoient ses water has been completely flushed out of thew
under-ground formations in eastern Horth Carclina the chlorids content
of tive water is less than sbout 25 parts per million, Where the chlor¥ds
sontamt 1s higher than 25 parts per million there is a suggestion that
salt®or water 13 usar. Since thers are about 19,300 parts of chloride
in & =il1lion parts of sea watar, oixlor:lde provides a bettaer Imndication
of salt-water contamination than any other chexical constituent.
Thers are two ways in which the limsstons aquifer at the Bage can
bacome cmted by salt-watsr intrusicn. These ars (1} luateral
ansroachmsut of water from Jew River and itz tributaries and (2) verticoal
sncroachnent from the underlying salt-water beds,
| Consideration of possible contamination of the water supply by
suoroachment of water froa Jow River can be gentersd an the following
polna. Although Bew River does not heve ihe salinity of ses water, 1%
is barackish during much of the ysar. The degree of itz salinity is no¥t
very important because it could zake an aquifar umsable whether it
contmins 2,000 or 20,000 parts per million of chloride. New River and
the mouthward parts of its tributariss have cut through aay impermesbles
beds that were present and are now outrenched into the limestone aquifesr.
I£ withdraml of well water i3 concemtrated closs cmough to the river
so that a hydraulic gradient is established from ths river to the |
ceater of pumping, salt-watar encroschmaent will oocur. Fortunately,
prop=r esutlon has been taken in the planning of the water supply to
pravent lsteral smoroachmemt. For example, in the Zadnst Point area
the policy has baen to limit tha drewdown in esch well and to looxts
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wells at considersble distances from the salt-water estuariss. 4is &
z;omlt of these practices, no contamination has yet ococurred. Ths present
data sugzest that fregh watsr of the aquifer is diseharging into the
river and that the water lavel has 2ot been lowsred sufficiently to re-
veorse the gradisnt--that ﬁ, from the river to the &qui:@. A few
amall cbservation wells between tha ri;or and the production wells would
zive the water-level measirements needed to elarify this poimt. The
only plasce where lateral encrosciment has astually occurred is at Well 109
on (nslow Beach. This contaminetion is discuszsed in the section dealing
with Cnslow Deach. |

The other way in which salt water may reach the aquifer is by upward
movement from beds eontaining salt water. In a;cmi-mg this point, it
i3 necessary to understand the signifieaznce of the relative density of
salty water.- Since ses wxter has a specific gravity of 1.025, forty fesd
of sea water will dalance forty-cns feet of fresh water. This diffsrence
in specifis gravily of fresh water and sea water has led to the gesnsral
rale of 40 to 1 ratic. Thare the ruls can be applied, the depth in
feat below sea level to the contact bebwsen fresh and salt water theersti-
cally will be 40 times the mmber of feet the statls lavel of fresh water
is above sea level. The rule cannot be applied to conditions at the Base
beesuse of the gradational salinity ef water in the ground and beocsuss
of the absence of homogeneous strata., Neverthelessz, it i3 of value to
krow that the lowering m\‘? the water level in the aquifer a feur fest oould
cmase, under certain conditions, the salt water in the underlying bed to
rise pany feet. The only pz;« where vartical ocntmmglawa known te
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have aceurred iz at Well B, Caxp Geiger. The polisy of dispersing wells
and of limiting the drswdown in each well, as is the practice at the Base,
is the proper precautionary measurs to take in preventing vartical
ocontamination. Howevor, more informaticon in needed concerning the depth
ts salty water and the relative permeability of the matarials betwmen

the salty water and the zene from which the wells now drsw water. The

four test holes to be drilled inte the salty water zone should produce
valuables data.

CLwW
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SUBMARY OF THE PROBLEMS

The oversll objoective of dmlaping the water supply at the DBase is
to0 obtain a perexnially adequate supply of acoeptable chemical quality
in the most sconcmical way, Thiz ocbjestive is not reached by merely
censidering the yisld of one or sven all wells and the treatment that
would be necessary. Hather, a mmmbesr of dalioatﬁy interdependent factarz
need conslideration ssparately and collectively. These fastors may be
grouped in terms of the (1) quantity and (2) chemieal quality of the
watere

The strist adheresunce to certain chemical aspects of the wter -
fresdom from chloride eontamination ;nd watsr suitable to present treat-
ing facilities - places limitations on the quantity of water available
from the squifer and froa wells.

All water problems sre in a sense economis problaxs, for with a given
amort of money, a sxtisfactory supply of water can be had anywhers in
the world., With this thought in mind, we nota that the fear of chleride
combamination hag csused a wide spacing of wells and has caused
limitations on the drawdown and yield of the wella. Thiaz, in turm, has
resulted in & grester expenditure of funds than would have been the
cagse if the problem of chloride contamination were not present. Can
wella be spased closer and can the drawiown and yicld.af individual
wells bs increased and still maintain a safe adequate supply? Goeod
" Judgment hag Been axercised in developing the water supply st the Base,

C

and a reasonabls mrgin of safety exists insofur as prctoutL the
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quality of the water. The deep tast holes that are to be drill.eced should . »
give valuable information sbout the salt water and fresh-water Eooundariss
and sbout the poasidility of malb-watar centamination., The mor-es that

is known about the positions of thsse doundaries the greater cmam be

_the withdrawal of water while maintaining a margin of safety.

Another ecoromic problem conserms the relatively poor apecszifia
copasity of the wells (gallons per mimts per foot of drmmicwn)) . This
becomes & significant matter in view of the fact thad the gravesil-wall
type wells, which have besmn installed, are expensive. The welIl:s have
been drilled by compstent well oontrastors, and there is no sugz-gestion
that the wells ars improperly construsted. Yot same improvemerzt in the
oconomics of wella-—either a betiter spesifis ocapacity or reducesed cost
per well--is one aix of the tesh drilling progrsm. By having esilactric
logs made mnd saxples of rock materials studied from each tsst :hole,
the proper placing of well soreens and other well canstrustion -technigues
cmn be asmared.

{ne reason for tha low specific cepagity of the wells iz ¥:=:he
necssaity for selecting only those water-produsing zones that mwrill yisld
a water that ¢an be treated satimfactorily st ths present treati=ment
planks. For example, some zonas' of high permeability yiold wadiziar with
axcessive amcunts of hydrogen sulfide--cthers with exceasive mnatmta of
iron or hardness. It eppeara mors sconomical, genarally speak.ing, to
sacrifios “wall yield" in order to obtazin the type of water thzmin can

. be best treated at sach plank, CL\N

0000000016




=Ldum

SPECIFICATIONS FOR THE TEST WELLS

The somtractor must drill test wells at piacss approved by the
Public Works Officer. Thes comditions of the drilling and the rseults
to be obtained follow:

"1, Drill an open hols spproximately 10 inches in dizmeter by the
rotary clay seal method to depths designated by the Navy or lta consulbant,

3, Samples of all materials shall be scllected at 10-foot intervals,
regardlesa of the change or lack of change in the ocharscter of materials.
The sazmples shall be placed in l-pint trsnsparent plaatic bags and
labelled in indelible ink, such as "magio merier.”

3. The contractor shall furnisgh a driller's log showing the
character of materials penstrated.

4, Upon sompletion of the drilling of the test well, the contrastor
m maks an electric log showing contimucus self-potential and
resiastivity curves.

Se Tha contractor shall collsct and have analyszed samples of watar
fran all water-bearing strata of intersst so as to accurately ahow the
quality of water from each stratum. These analysea zhall include the pH
 of the water and in parts per million the total herdness, irem, chloride,
alkalirdty, and hydrogen sulfide.

" Ga The test well shall be sedled in an approvednnn;mrto prevent
interchange of watar between the strata aftor the tests have been made.

7« The above-mentionad sampleos, drillerts log, and watsr analyses
shall be available for inspection at all Limes and aopiau:wad
uéen completion of the test wells.
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8. After analysing the information from the test wells, tha con
tragtor shall make recommendations for the design of a future perms-
nent well., His reccmmendstions shall include the sppropriate depth,
details of construction, length and location of sereens, and an

estination of the quantity and quality of water that can be cbtained

from sach water-bearing stratun and from the sompleted well.

CLW
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TEST WELL PRUGRAM

Rumber of
Tost Hole Humber Ares of location Proposed Depth Water Samples

T-1 Hadnot Poixt o 475 4
T2 - . Hadnot Polinmb | 225 3
T3 Hadnot Poimd 225 3
T4 Hadnet Poimt 225 2
I Hadnot Point 225 2
T-8 Hadnot Point 228 2
a7 Hadnot Poimt 225 2
T-8 Hadnet Point | 500 4
7-9 Tarswa Terruee 185 3
T-10 Tarswn Terrace 188 2
T-11 Tarswa Terrsce 1385 2
T-12 Yomtford Poimt 350 3
T-13 Yorrtford Poind 250 3
T4 Morrt ford Point 200 2
715 .~ Camp Geiger 475 4
I-18 Camp Gedger , 200 2
Y17 Caap Gedgar 200 2
T-18 ' Rifle Rangs . 300 s
T-19 ) Rifle Range 150 2
20 Courthouse Bay 115 2
7-31 Gourthouse Bay 115 2
722 Ouslow Beach 150 CLW 2

Total 5,385 fast S8
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™9t TELL PROGRAM -~ Contimuedess

IF swailable funds are not adequate to cover the cost of drilling
5,338 foet, hendling 58 wter samples, aod rumning 22 olsctric logs,
3 wells oould be eliminated iz the following ways
7.1 gan be moved to the silte of T2, T-12 can be moved to the site
orf.za, and T-15 csn be oovsd to the sits of T-16. Thus, the total
footace can be reduced to 4,710 fust, the water ssmplas to 48, and the
sumber of electric logs to 19, Alsa by keeping an iztorval of two weeks!
+ime betwoen the drilling of corializ wells 30 that thw resuits can ds
evaluated, othor reductisns in footags and perhaps in water samples
my be oade, For sxemple, the drilling cemtractor should plan his work
so thats
Td and T«8 should not de started within two weeks fullowing
the complstion of 73 and -5, .
T-11 should follow byxtw weeks the completion of T-@ and T-10.

CLw
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DISCUSSION OF SEPARATE AREAS

n the following pages ars brisf discussions of the woll--;tt:er-
situntion at the separate areas where watar is used. The discussions cover
only those polnts that are pertinant te the test drilling and to future
devalopmant of wells. ‘

Badnot Poink

I? hydraulis characteristics of carth materials to a depth of aboub
400 fset wore precisely nown at Haduot Poink, as well 23 at cther a.rm
of the Base, it would be pouibic %o have optimm conditions concerning
the relationship betwsen withdrawal of water, drawdown, spacing of wells,
and maintaining a peremmially safs supply. The following paragraph
diverts slightly from the pat'hrn of discussion but i3 still pertinent
to the problems at Hadnot Point,

Within the zcope of plans of almost all ground-water
hydrol,agis&s o & project is a pumping, or aguifer-performance,
test, This tast is made by syatamatically cbeerving water-
lavel fluctustions when a well pump is turned on and sfter b
is turned off, From the tests it i3 hoped that the
scefficlent of tranamissibility and the coeffisient of
storage may be obtained, ‘ﬁm coefficlient of transmisaibility
mey be dsfined as the rate of flow of water in gallons per

CLW

axtanding the full saturated thickness of the aquifar, under
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& hydraulio gradient of 100 percext. The coefTlolent of

storage is the volume of water the aquifer relessex from or
takes intes storsge per unit surfice area of the aquifer par
wnit change in head. It might be as much as 25 percent in a
water-table aquifer, such &s the surface sand, whare most

of the water 1a obtained by dewataring the matarial. I

might be a zmmll fraction of one percent in the artesian
limestons unit whers wmter is yielded by elastis adjustment

to changes in pressure, It iz posaible to determine the
drawdown at future dates and at varying distancss under vary-
ing sonditions of pumping by uzing these aquifer characteristics.
However, to get valid results, certain idesl conditions must
exist, 7Zor exampls, the aquifer must be homogsnecus and must
transmit water equally well in all directions; the well must
peustrate ths complete thickness of the squifer; and water mat
be drewn entirsly from storags. In the Haduot Point area, as
well as in the other areas, the charscter of rock materials and,
therefors, the ability of Aﬁu matarials to transmit water, varies
greatly from place %o place. This is reflected in the range in
yield from well to well. On the basis of the present wells, the
coefficient of transmissibility ranges from about 3,000 to

adout 25,000, but the vﬁ.luu are low because ths aquifer is only
partially penstrated zince wells are seresenad only in some of
the permesble rones. The coefficient of storags increases with
tine. At first it is small because water is drmwm frofit\Afze
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‘in the artesian system where the response tc & changs in head
is dus 30lsly to compressibility of the aquifor material and
of the water. Since the aguifer st Haduot Point is not
gompletely confined gnd not completely separated frem the
mrfluo sand, dowmward lealkage of water into the artesian

.bcd: is by gravity drainags. Thersforse, rechargs frem the sur-
face sand g;m the aquifer a sterage capasity many times
grestsr than a pumping test weuld indicate. It ix olear

that an attempt to got .quazrtitiu rosults from aquifsr pere
formance tests at Hadnot Poinb would be dsluding;

The wells in the Hadnok Point area are dispersed suffisiently so that

there 1s no single somposite ccne of depression in the water level. It
is true that some lowsring of the water level st any of the walls ix
partly due to the influence of pumping neerby wells. Thisz is a natural
sousequence of the development of a well field and, in itaelf, is not
detrimental. The contrel of drawmicwns to prevant salt-water emcroach-
mem? has resulted in a larger mumber of wells and & gresater dispersal
§t wells than would have been the case if the concerm about salt water -
ogntamination were not real.

Most of the wells ars ca_aed at intervals betwsen 50 and 130 fset.
The yisld varies between 5 and 12 gallons per mimite per foot of draw-
down. Trestment adequatdly handles the hardness and iron oout:cn;b.
The hydrogen sulfide «mtcnh appears to be lass than that at the same
depth slsoxhers.

CLw
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The chloride cextent of 'n.ttr from all wells is low, and there is no
indication that salty ground water is moving toward the wall field.

The test wells to. be drilled should furnish much nesded information about
the earth materials and the quality of the water below 150 feet, which

is sbout the daepést sone from which water is drmm. The finsl report
will evaluate this information in terms of possible vertisal encroach-
ment of salt water. Very careful loeation of wells at points sway from
braskish.water streams hais prevented lateral snsroachment.

The reccmuendstion mads by Pitometer Aascciates for new produstion
wells to be locatsd along the sand road south of Piney Greea is endorsed.
As suggested in the well table, test holes T-4 and T-8 should bs the
last of all the test holes drilled., This suggestion {s made because
a study of the results of earlisr test holes would be desirable in
evalnating the entire water supply of the Hadnot Poixt arse. To get
grestsr speaifis cepasities from future wells withous increasing the

hydrogen sulfide content of the water is one objective.

Taraws Tarrace

Seven wells have been in operation at Tarawa Terrace, although
Well 4 hag been abandoned becmuse it pumped sand. Soms driller's logs
and oﬁur records are svailabls, tut these records have only limited
use for the fellowing reason. Three gets of well numbers have been
used - the driller'’s numbers, the site mumbers, and the presamnt mﬁ.
Thus far, it has not been possibls to relate these numbers as(Blalf

specific well record can be identified with a pu'timd.br dabl..
0
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Of the 5 wells along lejeune Slvd. only Well 1 now furnishes more
than 100 zallens a minuts. It is thought that the poor yislds of these
wells are due to poor well comstruation raﬂmr than 0 a chsnge in
permeability. lioat of the water from these 5 wells comes from depths
varying from SO0 te 100 f.id.s. The water 1z typically hard and contains
8ligzhtly objectionable amounta of iron and hydrogen sulfide.

Yells 8 and 7 on the Bell Fork iomd need separste censideration.
Perhaps these wells draw much of their water from depths between 150 and
200 feet. A% any rate, the ylelds are relatively good,but the chemisal
quality iz very peor. Water from both wells contains more than 4 parts
per million of hydrogsn sulfide. Xorecver, Well 6 has nearly 200 parts
per million of shloride and Well 7 nearly 50 parts. Water from thcsi
twe wells is not suited for present treatment facilities, and in no
ocage can this watsr be ireated economically.

The overall objective is to increase the water supply and at the same

time eliminats undesirable water that approximates in chemical charactsr
that from wella 6 and 7.

It is recommended that 3 test wells be interspersed between
sxisting wells on Lajeune Blvd, These test holes ahould be 185 fest
deep and at least two samples of water should be taken fram sach hole -
one ssupls from the best water-bearing sons between 50 and 100 fset

and one sample from the hest water<bearing zons below that zome.

CLW
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Yot ford Point

Wells at Momtford Poimt drsw wator only from the upper part of the
limestons unit, most of the wells having twe short screens at various
depth-intervals between 50 and 100 feet. The wells vary ia yisld from
2 te 7 gallons a mimte per foot of drawdown, snd only one or two wells
ars pumped at mors than 128 gallons a minuds, Water in the 5O to 100-
foot zone is treated effectively by tha zeoclite process and is chlori-
nsted. The razw watser varies In hardness from sbout 150 to 200 parts
per million ant in iron from about 0.4 to 1 part per milliom. It
contains less than 1 pc.r! per million of hydrogen sulfide. The chloride
content iz less than 20 parts per million.

Ageording to resuliz of two test wells drilled deeper than 100 feet
at Momtford Point, the hydrogsn sulfide content seems to incresse grestly »
with inersased depth in the limestons unit. The yield per well alsc
would be sxpected to increase greatly with depth. Therefors, these twe
sountering factors need carefil consideration prior to the drilling of
production welis in ths area.

It 1s understocd that the chloride content of water from the well
near the Thite Cemetery was only 28 parts per milliog. The well was
‘an open-end hole from 164 to 227 feet. It had a yield of 10 zallons
a mirute per foot of drawdowm,

Recommendations concerning ths test holes to 1.30 drilled are foungd

in the well tabla.

CLW
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Camm Geigar

A vory delicate relationahip axists between the fresh-water and
salt-water zonss at Camp Geiger. In zeneral, the limestoms unit to a
dapth of 100 feset contains water that is low in chloride, but in the
highly pearmeable shellrock betwssn 100 and 200 fsst enough shloride is
presech to be objectionabls or te cause concern about the possibility
that it might increese to objsctionable amounts.

The reason for the nearness of brackish water to the land surface in
the area of Camp Gedger and Peterfield Foint 1s not clear. One possible
explanation follows. During the interglacial periods of the Ice Age the
ses encroashed on Cnslow County and drowned it. During these times
ses watsr moved easily into the permeable shellrvek., The ssa watsr
sntered the shellrock where it ocours in the prsessent river charmmel and
then moved latsrally, pushing the former fresh water westward. Since
the sea has withdrmwnio its presect position, the salt-watsr head has
been decressed and is now slizhtly less than the freszh-water artesian
head, Howsver, the diffarence in head has not been gread snough for the
fresh water to completely flush out the sea water. Ths fact that the
chloride content is only a few hundred parts per million ab 7ells A
and D indicates that the flnshing process is almosat cemplete and that
the chloride content in thiz scne at some places may be low ensugh to
be agcsptable in the water supply. In fact, the wells at Peterfield
Point are scresned betwsenm 100 and 180 feszt and yst will yield water with
& fairly low chloride comtemt, I? this explanation for thg‘sawrz?ma
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of brackish water 1z sorrect, there iz & pozzibility thet {resh water
mxy be found &t a depth wvarying bestween 200 and 400 feet. .

The groat permeability of the shellrcok below 100 fset %3 indicated
by the high specific capacity of Wells A ani D, as well as thwse at
Peterfield Point. Well 4 yields 30 gallons a mimute per oot of drawe-
down, and Well 4 ab Peterfisld Point is reportsd to yisld nearly 60 gal-
long a mimite per foot of drawdowm,

Cne objective at Camp Geiger iz to determins, with some dezree of
finality, whether water of scoeptable chemical guality can be found
deoper than 100 feet. If only water of poor quality is found in this
permsable sone, increased withdrswal of water from the 50 to 100-food
sone must be oarefitlly plamned. The fact that the water from Well E
now has slightly more than 200 parts per niilion of chloride is a matter
that du&m consideraticn. The well sappears o have been “salted”
by upward movement of water from the lower sone. This situation points
out that zalt-water contamination is a matter that should continue te
got the attention that it has in the past.

Test holes should be drilled to depths as aspecifiad in the well
table, Samples should be collected in sach well betwesen 50 ard 100

feet, between 100 and 200 feet, and slszewhsrs as appoars aporcpriaste.

1fle RE &

Thres different zones of the limestone unit have been tapped at

the Rifle Range. Wells S-1 and T-1 are sareened at intateLW
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76 to 80 and 53 to 73 fest respestively. Doth wells yisld more than
10 gallons a mimte per foot of drmwicwn and etiest to the high
permeability of the consolidated parts of the limestons unit., The most
objectionsble features of water in this tone are the excessive irom and
hydrogen sulfide contents. Well S-l1 containas 3.4 part per million iron,
and Well T-1 containe 8.0 parts per millicn iron. Well 3, scroened at
4 diffsrent intervals betwean 75 ard 130 feet, yields 10 gallons a mimute
per oot of dramiown. Water from this well contains less iron and hydro-
gen sulfdde than that from the shallower wells, Well T, which has been
abandoned, was screensd at the following depth intervals: 382-.382,
412-422, and 442-452, The yield was only about 4 gallens per nmirmte
per foot of drswdown., A complets chemical analyais is not availabls,
but the water is reportsd to have had a strong odor of hydrogmm sulfide.

Iven though the well fleld lles falrly close to JYew River, chloride
contaxingtion of the walls :Ls'not likely to be a seriocus sonsideration
for two reasons. First, impermeable slays of the Yorktown formation
ovarlis the limestone unit to a depth of 40 to 60 feet, and these olays
probably undsrlis Hew River near the Rifle Range; the olays should be
a partlal barriar to azv tandancy ftoward salt-watsr encroasimsnt. In the
second placs, the relatively hizh yislds of the wells with the lﬁitd
drawdown should diacourage salt-water emorvachmerd,

The chief problems do, howsver, psrtain to the quality of the waterw-
the iron content, the high sulfids combent, and ths gver present hard-

ness content, ' CLW
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H
Bange be drilled to & depth of 300 fest and the second well to 2 depth
Samples of water shculd be takemn frem the 80 to 30-foot

zome, from the most permeable zone between 90 and 150 feet, and in the

}
of 150 fast,.
ocases gf the deeper test hole, from one deeper zons.

' Courthouse Bay
- Both Wella V and W draw wabtar through wells screened betwsen depths
of 30 and €0 feet at the top of the limestone unit, Both wellas yield
more than § gallorns a mirute for essh foot of drawdowm, and thus yleld

Adgcording to znmalyses of October 24, 1957, Well W

is not a prodlem.
had an iron comtent of 1.8 parts per million as compared with Fell 4
Well W had a hydrogen sulfide content of

of 0.8 part par million,
Q.4 part per mi}.lion ag compared with Well V of 1.0 part per million.
These variations iu ghemioal character ars not understood st present.

It is recommended that esch of the 2 test wells be drilled %o a
depth of 115 fest. Samples of water sheuld be taken from the 30 to

60-foot sone and from the most dsfinite water-besring zone between 70

and 115 M.
Cnslow Beach
Although no test well was originally designated for Onslow Beach,
s inoresse in sslt context of Well 22 at the water plant Wﬁ-
0000000030
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Both Wells 22 and 23 are about 56 fset deep and sach is sersened at
the depth intervals of 30 ts 40 feet and 52 to 62 feet. The limastone
unit is more consolidated here than at Hadnot Point, and it is likely |
that open~end wells into the shellrock would be satisfactory. Production
from this zone is relatively high. For example, ¥ell 22 gives about 10
gallopn a mimte per foot of drswdowm and Well 23 sbout 8 zallons a
minzte per foot of drawdown.

The water in this shellow zone i3 hard and contains considerable iron
end hydrogen sulfide. JZeolite trestusat and chlorination redice the
undesirable mineral matter to an woqrhxblo. point.e An analysis of
Avgust 23, 1967, showed that Well 22 had & chloride oontsnt of 138 parts
per million as compared with about 13 parts per million when the well was
first drilled. In view of the fact tha’s the Intracoastal Taterway has
out inte shellrock of the Yorktown formation less than 2,000 feet from
this well, it is likely that high tides have pushed aalt m.r laterally
in the shellroek toward the well. If ths chloridg content of water from
this well contimues to incrsase, it should be abandoned.

It is recommended that the test well be drilled tc a depth of 150
| fest and that st least two samples of water be taken — one in the upper
part of the shellireck (30 - 60-foct zone) and another between 70 and
150 feet.

CLW
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